The aim of this study was to investigate the predictive values (PVs) of neutrophil elastase (NE) and fetal fibronectin (fFN) in cervical secretions for single-birth premature delivery. Samples of cervical secretions were obtained from 144 women with high-risk singleton pregnancies at 20-34 weeks' gestation and premature Creasy scores of >12 points for NE and fFN level testing, and the PVs of the two indicators for premature birth (PB) were retrospectively analyzed. NE and fFN had high negative PVs (NPVs) for PB; the NPV of NE and fFN for delivery 7 days after detection was significantly higher than the positive PV (P<0.01). In addition, the sensitivity of the combined use of NE and fFN levels for PB prediction was high if both were present, and the PB rate of the double-positive group was higher than that of the single-positive group (P<0.01). Clinical intervention could turn the NE and fFN values negative in certain cases; in these cases, the PB rate was significantly lower than that in the sustained-positive group. In conclusion, NE and fFN in cervical secretions could be used as objective predictors of premature delivery, and their combined application could improve the prediction sensitivity. Effective clinical intervention could then reduce the incidence of PB.
Introduction
Premature birth (PB) is the primary cause of illness and mortality in perineonates, since 75-80% of cases of perineonatal mortality are associated with PB (1) and 50% of surviving perineonates have short-and long-term complications and sequelae (2) . PB is a serious medical, social and economic problem (3) . PB affects families and society in a negative manner, but prediction and prevention are the key to reducing its incidence and the incidence of perineonatal mortality; thus, accurate prediction methods are of paramount importance. Several studies regarding PB prediction have been conducted (4) (5) (6) ; however, most of them focused on fetal fibronectin (fFN) alone, lacked a multi-center design and had a limited study sample, and few reported on infection-related neutrophil elastase (NE). fFN is an isomer of fibronectin that has an important role in mediating the mutual adhesion and protection of the placenta and uterine decidua. The detection of fFN is important during pregnancy as it often indicates adhesion of the uterine decidua and placental villi, or damage to the fetal membrane (7, 8) . NE belongs to the chymotrypsin superfamily of serine proteases, and hydrolyzes fibrous connective tissues outside cells during the inflammatory process; therefore, it is considered a significant predictor of inflammation (9, 10) . This study analyzed NE and fFN in the cervicovaginal secretions as potential predictors of PB in singleton pregnancies and assessed the significance of the combination of the two indicators.
Materials and methods
Subjects. A total of 144 pregnant women who had been admitted to the First People's Hospital between June 2008 and March 2012, had a premature Creasy score (11) of >12 points and met the following criteria, were enrolled: Gestational age, 20-34 weeks; singleton pregnancy; intact fetal membrane and no vaginal bleeding; absence of other serious pregnancy complications; and no previous vaginal surgery, uterine contraction-inhibitors or sexual intercourse within 24 h of sampling. A dynamic monitoring method was used for repeated NE and fFN testing in the same patient at different gestational weeks. The aims of the repeated testing were to assess the feasibility of the two indicators for PB prediction and to observe the changes the indicators underwent following clinical interventions, as well as the effects of these changes on the pregnancy outcomes and outcomes of the observed pregnant women within and after the first 7 days of detection. This study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of the First People's Hospital of Yunnan Province (Kunming, China). Written informed consent was obtained from all participants.
Sampling methods of vaginal secretions. All pregnant women were examined in the bladder lithotomy position. A vaginal speculum was used to widen the vagina and expose the cervix, and a sterile test paper was then placed in the posterior part of the vaginal vault for 10-15 sec to collect the cervicovaginal secretions.
Detection of fFN. Rapid fFN test paper (Adeza Biomedical, Sunnyvale, CA, USA) was used to determine the fFN level in the secretions by the clinician, strictly in accordance with the instructions of the sampling method. Following sampling, the top of the swab was placed in the buffer and fully mixed for 10-15 sec, after which the lower end of the fFN test paper was placed in the buffer for 10 min and then taken out to determine the results. An fFN level ≥50 µg/ml was considered positive and an fFN level <50 µg/ml was considered negative.
Detection of NE. The NE detection kit was provided by the Affiliated Hospital of Japanese Kyorin University (Tokyo, Japan). The top of the sampled swab was placed in the reagent for 10 min, transferred to the test paper and read within 15 min. The simultaneous development of a reaction line and a quality control line indicated a positive result, whereas the development of a quality control line alone indicated a negative result.
Medical intervention. All NE-and fFN-positive pregnant women who exhibited symptoms of premature labor were admitted to the hospital and prescribed bed rest. Perineal scrubbing was performed, vaginal medication was administered, the frequency and intensity of uterine contractions were monitored, an adrenergic-β-receptor agonist or magnesium sulfate was administered to patients with frequent and intensive contractions to inhibit the contractions and glucocorticoids were timely used to promote fetal lung maturity. Following medication administration, NE and fFN were repeatedly assessed as markers of the PB treatment efficacy.
All NE-and f FN-negative pregnant women were administered only routine prenatal care without any other interventions, and their pregnancy outcomes were observed within and after 7 days of testing. NE and fFN values were also evaluated as prematurity predictors.
Statistical analysis. SPSS 11.5 statistical software (SPSS Inc., Chicago, IL, USA) was used for the statistical analysis, and the birth cases with positive or negative NE and fFN at the different gestational periods were expressed as percentages. The χ 2 test was used to compare intergroup differences, and P<0.05 was considered to indicate a statistically significant difference.
Results

Basic information.
A total of 144 patients with singleton pregnancies were enrolled in and completed the study. Out of the 144 patients, 11 underwent scheduled cesarean section due to iatrogenic factors and thus their data were excluded from the Table I . Basic information for the singleton pregnancies. Data are presented as the mean ± standard deviation. Table I ).
Correlation between NE and fFN levels and PB. The single detection results (Tables II and III) showed that the positive predictive value (PPV) of NE was slightly higher (51.4%) than that of fFN, but it was still not ideal as a stand-alone PB predictor (Table II) . With regard to delivery within 7 days of detection, NE had a high negative predictive value (NPV) (95.1%), particularly in cases of infection-induced PB, NE-negative patients and patients with a high likelihood of non-delivery within 7 days. These findings were similar to those for fFN, which had a higher NPV for delivery within 7 days (Table III) .
Significance of combined NE-fFN prediction. When fFN was used alone, 32 cases of PB were predicted (sensitivity, 86.5%), whereas 20 cases of PB were predicted when NE was used alone (sensitivity, 54.1%). When fFN and NE were used together, 34 cases of PB were predicted (sensitivity, 91.9%) but the specificity was decreased (specificity, 31.3%). If the patients were both NE-and fFN-positive, the risk of PB increased considerably (Table IV) .
Changes in NE and fFN and their effects on pregnancy outcomes. As shown in 1 case (4.2%). fFN maintained its positivity in 67 cases, in 5 of which PB occurred (7.5%).
In summary, the NE and fFN status may become negative following effective clinical intervention, leading to a decrease in the likelihood of PB. In cases of sustained NE and fFN positivity, the likelihood of PB can increase, and these patients may require aggressive treatment, such as fetal lung maturity promotion, to increase the fetal survival rate.
Discussion
PB is the main cause of morbidity and mortality in perineonates and its serious consequences constitute an indisputable social and family burden. Although perinatal care and obstetric interventions have been significantly strengthened over time, the occurrence of PB has not notably declined; it has instead increased annually, making PB a considerable focus of attention (12) . The effects of interventions for PB are often unsatisfactory due to delays in their administration (13); therefore, identifying effective predictor(s) of PB that will enable timely intervention is of great clinical importance. Numerous studies have indicated that 50% of PB cases are infection-related (14, 15) and that subclinical infection, in late pregnancy in particular, is closely associated with PB (16) . fFN and NE were the two most important indicators of inflammation in these studies.
It is known that fFN, an isomer of fibronectin, is produced by chorionic trophoblast cells (17) and plays an important role in mediating the mutual adhesion and protection of the placenta and uterine decidua. In the early stage of a normal pregnancy, as a result of the lack of fusion between the chorion and decidua capsularis in the parietal decidua of the uterine wall, low levels of fFN can leak out. Increasing levels of fFN prior to delivery often result from uterine contraction or mechanical trauma caused by the separation of the chorionic uterine walls (18) . In addition, the detection of fFN during pregnancy often indicates adhesion of the uterine decidua and placental villi or damage to the fetal membrane; the main reason for its detection is damage caused by inflammatory material to the villus tissues (19) .
Lockwood first reported the role of fFN in PB prediction in 1991 (20) ; thereafter, it was proposed in a number of studies that fFN in cervicovaginal secretions in the advanced stage of pregnancy was a powerful predictive marker for spontaneous PB (21, 22) . The American Congress of Obstetricians and Gynecologists has recommended fFN detection as an important step in PB diagnosis (23) . In the present study, the sensitivity, specificity, PPV and NPV of fFN for PB were 86.5, 62.5, 47.0 and 92.3%, respectively, indicating that fFN was an effective predictor of PB. The high NPV of fFN indicated that negative fFN results are associated with a low possibility of PB occurrence for pregnant women with PB symptoms, a finding that was consistent with that of Roman et al (24) . With regard to PB prediction, estimating the likelihood of delivery within 7 days of prediction could have considerable clinical value, and could lead to a reduction in the incidence of PB through timely clinical intervention. The findings of the present study showed that the sensitivity of fFN for predicting within-1-week delivery was 86.5%, with a specificity of 44.1%, a PPV of 13.2 and an NPV of 98.7%, thus leading to the conclusion that fFN is an effective predictor of within-1-week delivery.
Clinical studies have found that vaginal and cervical infection-induced ascending intra-amniotic cavity infection is an important cause of PB (25) . When the cervix is infected, it can cause the local invasion and large accumulation of inflammatory cells and the release of inflammatory cytokines under the stimulation of inflammatory factors, followed by neutrophil activation and degranulation with NE release (26, 27) . NE belongs to the chymotrypsin superfamily of serine proteases, which mainly hydrolyzes proteins through phagocytosis within cells and hydrolyzes fibrous connective tissues outside cells during the inflammatory process. The extracellular hydrolytic objects of NE include elastin, proteoglycans, fibronectin, laminin and collagens I, II, III and IV (26, 28) .
Certain studies have shown that, in pregnant women with premature membrane rupture and threatened premature labor, the concentration of NE in the amniotic fluid is markedly increased, suggesting that NE is a useful indicator of amniotic infection and could be used to predict PB (29, 30) . Nakai et al (31) found that the NPV of NE for PB was high at 92%, which suggested that the granulocyte-released NE in the cervical secretions could be used as an independent predictor of delivery before gestational week 34. In the present study, 144 women with high-risk pregnancies underwent cervical secretion testing (NE detection) between the 20th and 34th gestational weeks, and the pregnancy outcomes within and after 7 days of detection were observed. The results revealed that NE had a slightly higher PPV than fFN (51.4%) but its use as a single predictor was still not ideal. Taking only the deliveries that occurred within 7 days into consideration, NE exhibited a high NPV (95.1%); thus, if the patient was NE-negative, the likelihood of non-delivery within 7 days would be high, similar to that in fFN-negative patients, as fFN negativity also had a high NPV for delivery within 7 days. These results were similar to those of the study by Nakai et al (31) . PB does not have a single cause and an increasing number of scholars have come to advocate the combined application of indicators in order to improve their predictive values and overcome the limitations of a single predictor (32, 33) . To confirm whether the combination of a number of indicators would prove more effective than the use of an individual indicator, this study analyzed the combined use of NE and fFN. fFN alone predicted PB in 32 cases (sensitivity, 86.5%), NE alone predicted PB in 20 cases (sensitivity, 54.1%) and NE and fFN in combination predicted PB in 34 cases (sensitivity, 91.9%) but with a decreased specificity (31.3%). Furthermore, it was observed that the risk of PB was significantly increased in the NE-and fFN-positive patients. Generally, a high NPV can be used to exclude the pseudosymptoms of PB and limit the administration of uterine contraction-inhibiting drugs, and a low PPV and sensitivity can also limit the clinical use of these drugs. It is therefore believed that the combination of several indicators could improve the prediction reliability and, in particular, that combined screening for NE and fFN would be more effective than screening for a single index.
The aim of PB prediction is to effectively prevent PB. In the present study, all patients received clinical interventions, including basic treatment, uterine contraction inhibitors and topical anti-infective therapy. Following clinical intervention, the NE-positive status was maintained in 9 cases, and PB occurred in 8 of these cases (88.9%). There were 43 cases of NE-positive to NE-negative transformation, and PB occurred in 11 of these cases (20.4%). Thus, the transformation to NE-negative status following effective clinical intervention may lead to the reduction of PB incidence, whereas the sustained NE-positive status following effective clinical intervention indicates a considerably increased risk of PB. The same changes were observed with fFN transformation. Following clinical intervention, fFN positivity was maintained in 42 cases, in 31 (73.8%) of which PB occurred, and 24 cases of fFN-positive to fFN-negative transformation were observed, in only 1 (4.2%) of which PB occurred.
As mentioned above, NE and fFN statuses may turn negative following effective clinical intervention, leading to a decrease in the likelihood of PB. Sustained positivity, by contrast, is indicative of an increased possibility of PB occurrence, which may necessitate aggressive treatment, such as fetal lung maturity promotion, to increase the survival rate of premature infants.
PB prediction previously relied on non-specific and non-sensitive indicators, such as obstetric history and clinical symptoms, which increased the possibility of delayed prediction and treatment. The early detection of PB and timely intervention are therefore the key to preventing PB and improving adverse pregnancy outcomes. Preventing PB and developing a non-invasive prediction method should be the priority of obstetric workers. In conclusion, the present study monitored levels of fFN and NE within cervicovaginal secretions and found that the combination of these two indicators could improve the sensitivity of PB prediction, thus providing a novel strategy for the prediction of PB.
